INTRODUCTION
The construction practices of today demand production of alternative building materials which consume less energy and can be used for construction. The bricks, insulation capacity can be augmented by increasing the rate of porosity in the structure of the clay. Combustible vegetarian types of pore-forming additives are most frequently used for this purpose.
Lightweight clay bricks can be produced in a variety of ways, mainly based on reducing the density of the bricks using air holes through the addition of combustible organic materials such as wood sawdust, rice husks, rubber waste, polystyrene granules, and crushed red granules (Coletti, 2016) . The production could be also done through the addition of sublimation materials to brick surfaces such as naphthalene or chemical methods for the development of air bubbles in clay before burning; for instance, the use of lime with aluminum powder or acids that interact with the carbonates in the soil and generates gases that rise to the surface, leaving the spaces, and add hydrogen peroxide to the soil where the oxygen gas is generated. Lightweight bricks are lighter weight than standard bricks (Coletti, 2016; Kadir, 2010) . The preference of lightweight bricks over the other types comes from its relatively low transportation cost and reflexibility of handling. The development of lightweight bricks allows brick industrialist 2015). The thermal conductivity of a building material is a crucial parameter in calculating and designing the system and its implementation including energy exhaustion of the building (Sutcu et al., 2014) . Therefore, to consume less power, the thermal insulation for the materials used in the buildings should be considered as the first priority (Saiah et al., 2010) . Thermal conductivity performance is a necessary criterion of building materials because the thermal conductivity influences the selection of building materials in engineering implementation (Velasco et al., 2014) . The materials used to construct the walls and roof of the buildings should be selected very carefully. The overall thermal performance of the building is highly affected by the thermal conductivity of these materials. Building bricks should minimize the heat flow from one side of the bricks to the other (Dondi et al., 2004) . You will find two different thermal conductivity values of these bricks. The first value involves the bulk of the material constituting the walls as the second involves thermal conductivity of the complete product comprising large vertical holes of rectangular cross-section (Dondi et al., 2004) . The thermal conductivity of a brick is related to its bulk density so that the increase in the thermal insulating properties implies the production of materials with a higher porosity (Ten et al., 2010) . It was certain that thermal conductivity did not merely rely on the total porosity of the fired pieces, but pore size allocation and pore interconnectivity need to be considered, which rely on the degree of firing amount to, and may also be affected by the phases present in the pieces, whose content and/or installation could vary with firing temperature (Cultrone et al., 2004) .
Iraq is one of the countries with hot, dry weather in the summer, where the average temperature in July reaches more than 45°C and relative humidity <10% (Raouf, 1986) . In the past, Iraq's architecture has given great importance to thermal insulation to provide residential comfort using lightweight clay bricks and the use of papyrus plates, reeds, and other plant materials to reducing window areas and increasing the thickness of walls all to provide suitable thermal insulation for comfort. There are historical examples of the use of lightweight mud bricks. The upper part of the (Kissra nitak) in Salman Pak is built from the clay bricks produced from the local clay mixed with rice husks. When the rice husks are burned, the pores are released to reduce the weight of the bricks which are well isolated from the heat (Raouf, 1986) . There are many benefits that can be obtained from the bricks of lightweight clay including: • Reduce the use of fuel as well as reduce the amount of clay required compared • to the regular clay bricks • Reduce dead weights in construction • Increasing heat insulation • Reduce shrinkage cracks during drying.
Gencel, 2015, investigated the production of porous and lightweight clay pumice bricks that pumice was used as an additive. The current research includes laboratory experiments for the production of lightweight local clay bricks using crushed papyrus.
MATERIALS AND METHODS

Properties of Brick Raw Material
Soil materials were taken from a brick manufacturing Khul Brick Factory located at Makhmour Road near the city of Erbil; papyrus remnants were provided by the paper factory in Basra. The mineralogical composition of clay and papyrus was achieved using an X-ray and diffraction analysis (XRD-6000); the chemical composition of the brick clay is given in Table 1 . The major elements are Si, Al, Fe, and Ca, while Mg, Na, K, and S are present in minor amounts. The soil was composed of silty clay, with a liquidity limit, plasticity coefficient. The particle size distribution of clay was analyzed by diffraction (Mastersizer Malvern 2000 Instrument) shown in Table 2 ; particle size distribution and specific gravity of raw materials were determined based on ASTM D422-63 (2007 D422-63 ( ) e2, 2016 D422-63 ( and ASTM D854-14, 2014 . The microstructure of the pieces formed was observed by means of scanning electron microscope (SEM), using the highresolution transmission electron microscope SEM-JEOL-JSM (Ministry of Science and Technology Labs, Baghdad).
Procedure for Brick Production
Clay and papyrus were used for the preparation of the sample clay bricks. Four different percentages (10, 20, 30, and 40 masses%) of papyrus were used and (mixed with about 22% water to plastic condition to obtain the desired shape) the samples were mixed by hand. The mixtures were then left for 4 h before being poured into the cube Figure 1 , weight at 110°C in a muffle furnace. Drying was performed before the firing phase when the moisture content of the clay was high to prevent swollen or swollen samples at high temperature, due to the expansion of the trapped water. Bricks were fired in an electrical furnace at temperatures ranging from 650 to 1050°C by 25°C as shown increment in Figure 2 . Duration of firing process at each temperature was under a free access of air. The ultimate shape of the product is very sensitive to the rate of the firing process. Rapid firing causes the bloating of the clay as the formation of the glazed outer skin prevents the loss of gases such as water vapor and carbon dioxide from the interior of the clay. Therefore, the furnace temperature was gradually increased from 300°C to the decided firing temperature (Janbuala et al., 2013; Jordan et al., 2008) . When the temperature reached to desired firing temperature, bricks were kept in a furnace for 8 h and finally cooled to room temperature.
Mechanical and Durability Properties Compressive strength
The compressive strength can be affected by many parameters such as porosity, firing procedure, and type of clay. The specimen is then placed between plates of compression testing machine. The load is applied axially at uniform rate till failure. Maximum load at failure divided by the average area of bed face gives compressive strength. ELE International test machine as shown in Figure 3 . The compression load is applied on to the face of the sample having a dimension of 50 × 50 × 50 mm and determined by ASTM C67M-18, 2018.
Flexural strength
The effect papyrus of clay content on the flexural strength values was investigated using three-point bending testing (ASTM C67M-18, 2018) . ELE International test machine represents the test configuration for specimen dimension of 130 × 50 × 50 mm. The flexural strength of the samples was determined by the three-point bending test with a supporting span of 130 mm, and distance 90 mm between supports was used in computing flexural strengths and the average values were recorded from two tests.
Water absorption
Water absorption is a key factor affecting the durability of brick samples, the less water infiltrates into a brick sample, the more durable is the brick samples, and the better is its resistance to the natural environment. The dry samples sintered at different firing temperatures (650, 900, and 1050°C) were determined according to standard procedures (ASTM C373-88, 2006); shaped samples were dried at 105°C to constant weight (SW) and then introduced in water and weighed every 24 h till constant weight (FW). The surface water of each specimen was wiped off with damp cloths and the specimens were weighed again. The mass of absorbed water is the difference between weights (Sw-Fw). The water absorption of samples was calculated according to the following equation:
Bulk density
Samples were dried at 110°C for 12 h to ensure total water loss according to standard procedure (ASTM C373-88, 2006) . Bulk densities of the samples were calculated using the following equation:
(2) Where, Wa is weight dry sample in air, Wb is the weight of the soaked sample in water, and Wc is the weight of the soaked sample in air.
Apparent porosity
Clay bricks were dried for 12 h at 110°C. The dry weight of each fired sample was taken and recorded as Wa. Each sample was immersed in water for 6 h to soak and weighed while been suspended in air. The weight was recorded as Wc. The specimen was weighed when immersed in water according to standard procedure (ASTM C373-88, 2006 ). This was recorded as Wb. The apparent porosity was calculated using the following equation:
Firing Shrinkage
Shrinkage was determined by directly measuring the length of a specimen before and after firing at 650, 900, and 1050°C. The linear drying shrinkage and total firing shrinkage of the specimens as a percentage length were determined following (ASTM C326-09, 2014). The firing shrinkage was calculated using the following equation:
Where, St=Shrinkage after drying and firing, % Lp=Length of the test specimen Lf=Fired length of the test specimen.
Thermal conductivity
The thermal conductivity of bricks and other masonry materials depends on the density and, therefore, the porosity of the material. The developed prediction model was then used to calculate the thermal conductivity value using its relationship with the density value. The thermal conductivity was calculated using the following (ACI, 1997) equation:
Where, K=Thermal conductivity (Wm −1 K −1 ) P=Bulk density (g/cm 3 ).
RESULTS AND DISCUSSION
Morphological Characteristics
The dosage of papyrus and its combustion during the firing process account for this observation. All the fired samples have a well-marked red color which is associated with the conversion of goethite into hematite during the sintering process. The glamorous shape of the product is due to the accumulation of the vitreous phase from the melt of alkali earth oxide Figure 4a . Figure 4b shows that the microstructure of the pieces formed was observed by means of SEM, images of fired test with 0, 10, 20, 30, and 40% papyrus additive, respectively, which shows local vitrification in the fired. The fired specimens with papyrus additive had larger pores than their counterparts without papyrus additives when fired at 1050°C. This was due to the burning out of papyrus additives.
Chemical Properties
The results of XRF analysis of the papyrus and clay are presented in Table 1 . It was observed that clay/soil had a large fraction of silica along with oxides of aluminum, iron, calcium, magnesium, and potassium. Clay used in brick factories normally contains the percentages of SiO 2 in the range of 50-60% (Velasco et al., 2014) . Clay has CaO more than 6% and K 2 O, CaO, MgO, Fe 2 O 3 , and TiO 2 concentration higher than 9%; therefore, it can be classified as low refractory calcareous clay (Netinger, 2014).
Physical and Mechanical Properties Compressive strength and bulk density
The compressive strength and density of bricks increased if the temperature was increasing, Tables 3 and 4 . The compressive strength and density of brick are remarkably Karim improved by firing at higher temperatures decreased with the increasing papyrus content, Figure 5 . It was observed that with papyrus addition strength of burnt clay bricks was reduced. For instance, a decrease of 27.5, 20.6, and 18.3% in compressive strength was observed after incorporating 10% of papyrus by clay mass in brick specimens. About 230.2, 147.7, and 118.0% reduction in compressive strength was observed with 40% of papyrus replacement with clay. Brick specimens showed compressive strength after incorporating papyrus, respectively, which satisfied (IRQ.S.N.25, 1988) requirement for minimum compressive strength. The increase in the compressive strength is due to the decrease in porosity and an increase in bulk density with increasing firing temperature (Karaman et al., 2006; Othman, 2010) . The density and compressive strength of bricks increased with the firing temperature increase, Tables 3 and 4 . An increase in papyrus content leads to a decrease in specimen density, which reduced the compressive strength through the presence of decomposed papyrus from the firing process. The highest density was obtained in the specimen containing M1 (10%) papyrus, with firing at 1050°C, Table 4 . The lightness of the formed samples, which is associated with the increase of porosity, could be of interest for thermal or acoustic insulation or partitioning walls (Coletti, 2016; Kadir, 2010; Monteiro and Vieira, 2014; Bories et al., 2014) . For constant papyrus content, the bulk density increases with increasing firing temperature (Cheung, 1999) . This is associated with the increase of densification due to sintering.
Water absorption and apparent porosity
The water absorption and apparent porosity increase with the increase in the papyrus content in the clay body, Figure 6 . This is expected since the papyrus contained in the clay body is eliminated during the thermal process, and it leads to an increase in the open porosity of bricks samples (Kadir, 2010) However, the value at 1050°C for each formulation shows an intense densification in brick samples associated with glassy phase formation that leads to a coalescence phenomenon of closing pores (Duminuco et al., 1998; Othman, 2010) . Some of the value of the water absorption is >20% which is the standard limit according to IRQ.S.N.25, 1988 . Furthermore, the ASTM C652, 1990, standard on hollow bricks indicates for severe exposure maximum water absorption between 17 and 20%. Hence, some high value of water adsorption media surged in this study is indicative of high porosity brought by the incorporation of papyrus before sintering. However, for the same papyrus dosage, a reduction of pores is observed on firing temperature increase, Tables 5 and 6 . It is suggested that some pores formed during papyrus combustion for this dosage are large, and the densification brought by the glass formation during the sintering does not lead to enough closure of pores. What the increase pores in all samples is in line with the increasing water adsorption (Cheung, 1999; Hein et al., 2008) . Thermal conductivity and bulk density Table 7 shows the variation in the thermal conductivity of the fired clay brick samples, indicating that increased papyrus content leads to a decrease in thermal conductivity, Figure 7 . This occurs due to papyrus creating porosity inside the specimen through its decomposition (Sutcu and Akkurt, 2009; Kadir et al., 2009; Saiah et al., 2010) , thus decreasing the amount of heat conducted through the specimen. It was also found out that the lowest thermal conductivity (0.216 W/m. K) was achieved with 40% of papyrus fired at 650°C. In contrast, with higher firing temperatures, thermal conductivity increased. This is due to a reduction in porosity at high firing temperatures, which contributes to an increase in both density and thermal conductivity (Duminuco et al., 1998; Hein et al., 2008) . It was experimentally observed that the thermal conductivity of the clay bricks is significantly influenced by the chemical composition of the raw materials and granular size as well as the method and pressure of forming, Figure 7 , shows that the value of the thermal conductivity of the firing bricks increases with increasing the firing temperature. The experimental measurement depicted in Table 7 presents the value of the thermal conductivity, which increased from 0.216 to 0.254 w/m. K as the firing temperature changed from 650 to 1050 °C. The appearance of density increased from 0.88 to 1.01 g.cm −3 . This phenomenon which is the result of the increase of the sintering process may be attributed to them.
Flexural strength and apparent porosity Figure 8 shows that flexural strength decreases, for a given firing temperature, with increasing content, Tables 8 and 6 . This behavior is in line with the increased porosity that affects the cohesion and hence reduces the material resistance to failure. For papyrus contains up to 20%, the flexural strength increases with increasing firing temperature as a result of densification of the clay matrix. At these dosages, the porosity is a factor of less importance than clay matrix densification for the material failure (Barbieri et al., 2013) . For samples containing 30% and 40% of papyrus, the firing temperature increase does not affect much the flexural strength which is probably dependent on the porosity of the sample, the densification of the clay phase on sintering. The flexural strength increased with increasing the firing temperature (Bories et al., 2014; Duminuco et al., 1998) . Due to the densification of the clay matrix on firing, papyrus acts as a pore-forming agent.
Firing shrinkage
The firing shrinkage increases slightly between 650 and 900°C and unexpectedly between 900 and 1050°C in Figure 9 . The system is moving to a stable state through an optimal and progressive rearrangement of particles that lead to an increase in the firing shrinkage (ASTM C-09, 2014). The important increase observed at 1050°C is probably associated with sample brutal sintering which induced particles rapid reorganization and maximum capillary veins formation for fluid diffusion out of the sample, Table 9 . The structure of the particles is likely to shrink for temperature lower than 1050°C. At 10 and 20% of papyrus content, a global view of linear shrinkage decreases between 650 and 900°C is observed. This was associated with the papyrus distribution and combustion which cause the existence of residual porosity resulting from the combustion of papyrus during firing (Kadir, 2010; Monteiro and Vieira, 2014; Bories et al., 2014; Duminuco et al., 1998) . Beyond 900 °C, the shrinkage is governed by the clay sintering and its grain reorganization.
CONCLUSIONS
This preliminary study evaluated the possibility to use papyrus as a pore-forming agent in clay bricks manufacturing. The effects of papyrus dosage and the variation of the firing temperature were investigated. The addition of papyrus in clay slurry leads to bricks with an increase in water absorption a decrease in the compressive strength and flexural strength. The overall decrease of physical and mechanical properties of the samples is attributed to the increased porosity associated with the combustion of the papyrus. The lightness brought by the porous nature of the obtained bricks demonstrates that papyrus was successfully used as a pore-forming agent in these products. Samples M1 and M2 can be used as construction bricks, whereas M3 and M4 samples can be used in building partition walls. Further, complementary testing of thermal conduction and pore connectivity is needed for a proper evaluation of the thermal and sound insulation usage. The use of papyrus as a pore-forming agent in clay bricks making is a valuable way for the valorization and recycling of this agricultural waste. The strength of bricks increases water absorption and apparent porosity decreases with the increase of firing temperature (650-1050°C). The density and firing shrinkage of brick fired at 650-1050°C also increased with the increasing of firing temperature.
